1. Introduction {#sec0005}
===============

Nanotechnology is one of the emerged technology in innovative research because of its numerous applications in science and technology [@bib0005]. In recent times, use of nanoparticles to replace bulk materials has been rapidly increasing [@bib0010]. Interaction of nanoparticles with biomolecules are influenced by various factors [@bib0015] and nanoparticles offer markedly increased surface area in relation to mass and have the ability to change size in different media [@bib0020]. The reduction in size of inorganic materials into its nanoform assists numerous properties and technological applications of that particular material; however, the large surface area and density reduction of the nanoparticles makes them a potential candidate in various sectors when compared with bulk materials [@bib0025]. In nanotechnology, the synthesis of nanomaterials is a crucial step and involves various physical, chemical and biological methods (plant based-green synthesis and microbe based). Among these methods, green synthesis of nanoparticles using plant is promising for the reason of being environmentally and economically reliable. In modern days, metallic nanoparticles have gained attention because of its biological, biomedical, environmental and commercial significance [@bib0030]. Predominantly zinc oxide, iron oxide and copper nanoparticles are currently under investigation due to their applicability in several fields, including drug and gene delivery, biosensors, cancer treatment and diagnostics. It also plays a pivotal role in animal production and health [@bib0035] thereby improving the feeding efficiency and nutrition of animals. Trace elements such as copper, zinc and iron in nano-forms, have been included as feed additive and as growth promoters in diets of livestock [@bib0040] to enhance their growth performance. Still, the potential toxicity of these nanoparticles if any, has not been well understood. Numerous *in vitro* studies have been performed to assess the toxicity of several nanoparticles using different assay [@bib0045]. With the ever increasing applications of nanoparticles, possible adverse effects of nanoparticles exposure is a growing concern both rationally and publicly [@bib0050]. To understand the all aspects of nanoparticles safety is the major consequence [@bib0055]. Few nanoparticles can able generate free radicals even under dark conditions which have attributed to surface defects resulting in increase in surface reactivity [@bib0060]. In this perspective, it becomes necessary that the toxicity of nanoparticles if any has to be studied extensively in both *in vitro* and *in vivo*.

The present study is aimed to investigate the *in vitro* cytotoxicity of green synthesized and characterized Zinc oxide, Iron oxide and Copper nanopowders (NPs) for their applications in livestock animal industry. Hence, *in vitro* cytotoxicity was evaluated in Vero (African green monkey kidney cell line), PK 15 (Pig kidney cell line) and MDBK (Madin-Darby bovine kidney cell line) cells.

2. Materials and methods {#sec0010}
========================

Zinc oxide, Iron oxide and Copper NPs were prepared by green synthesis method and characterized by scanning electron microscope, transmission electron microscope, X-ray diffraction spectrophotometer and Fourier transform infra red spectrophotometer (Previous study-Manuscript has been submitted). These nanoparticles were used for *in vitro* cytotoxicity studies.

2.1. Cell lines {#sec0015}
---------------

Vero (African green monkey kidney cell line), PK 15 (Pig kidney cell line) and MDBK (Madin-Darby bovine kidney cell line) cells were procured from American Type Culture Collection, USA and National Centre for Cell Sciences, Pune, India and used in this study.

2.2. Green synthesis and characterization of nanopowders {#sec0020}
--------------------------------------------------------

Aqueous leaf extract of *Musa ornate* and *Zea mays* were used as reducing and stabilizing agent for the green synthesis of copper (Cu), iron oxide (FeO) and zinc oxide (ZnO) nanoparticles (NPs) using copper chloride, ferrous sulphate and zinc sulphate solution as precursor salt respectively. Further the synthesized nanoparticles were characterized by Scanning electron microscope, transmission electron microscope, X-ray diffraction spectrophotometer analysis, Fourier transform and infra red spectrophotometer, Zeta potential and particle size analysis.

**Assessment of *in vitro* cytotoxic effect of green synthesized nanopowders**

Vero, PK 15 and MDBK cell lines were cultured in Dulbecco\'s Modified Eagle\'s Medium (DMEM-Sigma) supplemented with 10% fetal bovine serum (Sigma) and 1X antibiotic and antimycotic solution (Gibcco). Cells (10^5^ cells/ml- Sun et al. [@bib0065] were seeded into 96-well plates containing 100 ml of DMEM and maintained in a humidified, 5% CO~2~ incubator at 37 °C. After 24 h of incubation, the green synthesized nanopowders (Cu, ZnO and FeO) at different concentrations (10 μg/100 μl to 50 μg/100 μl) were dispersed in distilled water and added to each well and incubated for 24 and 48 h, to study the effect of concentration of metallic nanopowders and exposure time in cell viability. Control cells received the same amount of the diluent (distilled water). Each test was performed in triplicate to check the sensitivity. After the completion of the exposure period (24 and 48 h) the medium in each well was replaced by fresh medium (100 ml) containing 5 mg/mL of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide-Sigma). Subsequent to four hours of incubation at dark, the formazan crystal of MTT reduction was dissolved in DMSO and absorbance was measured using a microtitre plate ELISA reader (BioTek). The effect of ZnO, FeO and Cu nanopowders was quantified as the percentage of control absorbance of reduced MTT dye at 570 nm. All the experiments were repeated for three times to check the sensitivity. Viability of the cells was assessed by the ability of living cells to reduce the yellow dye MTT to a blue formazan crystal. The percentage of cell viability was calculated by using the formula,Where, OD is the optical density value.

2.3. Statistical analysis {#sec0025}
-------------------------

Comparisons of multiple group means (Concentration of nanopowders and time) were performed using student T test, so as to determine the statistically significant differences. All statistical analysis was performed using SPSS software, v. 17.0. An alpha level of p \< 0.001 was considered as the criterion for statistical significance.

3. Results and discussion {#sec0030}
=========================

ZnO, FeO and Cu metallic nanopowders were green synthesized and characterized by scanning electron microscope, transmission electron microscope, X-ray diffraction spectrophotometre and Fourier transform infra red spectrophotometre (Results are not shown). There are indications that, the toxicity of nanoparticles is highly dependent on cell type, concentration and exposure time [@bib0070]. The cytotoxicity of green synthesized nanopowders (ZnO, FeO and Cu) in various cell lines (Vero, PK 15 and MDBK) was assessed by MTT. This assay was based on the ability of mitochondrial succinate dehydrogenase enzyme to convert yellow tetrazolium dye into formazan crystal. The rate of formazan crystal formation is directly proportional to cell viability [@bib0075] which is measured in terms of optical density.

The results of ZnO nanopowders effect on Vero, PK 15 and MDBK cells are presented in [Fig. 1](#fig0005){ref-type="fig"}. The results indicated that in Vero cells, the cell viability decreased with increase in concentration and exposure time of ZnO NPs. This may be due to the capability of reactive oxygen species (ROS) generation of the nanoparticles. Elevated ROS levels induce significant damage to the DNA of the cells, resulting in the arrest of cell-cycle and subsequently cell death [@bib0080]. Similar results were also observed with ZnO NPs treated PK 15 cells. On the contrary, in MDBK cells maximum cell viability was observed after 48 h of exposure but the cell viability got reduced when the concentration of ZnO NPs was increased. Vero and PK 15 cells exhibited superior cell viability at lower concentration of ZnO NPs (10 μg/100 μl) after 24 h treatment. Whereas in case of MDBK cells, improved cell viability was observed upto 48 h exposure. ZnO NPs did not cause any significant (p \> 0.05) toxicity in all the concentrations at both 24 h and 48 h in PK 15 and MDBK cells whereas significant difference (p \< 0.001) was observed in Vero cells. All these findings clearly suggested that the cytotoxicity of ZnO nanopowder was dependent on concentration, exposure time, cell type and proliferation as has been observed in previous studies [@bib0085], [@bib0010], [@bib0090], [@bib0095] irrespective of the type of synthesis.Fig. 1Cell viability (%) observation. Each cell line was treated with indicated amount of ZnO NPs and viability was measured after 24, 48 and 72 h of exposure. The data is presented as the mean ± SD of three independent experiments. **A**. Vero, **B**. PK 15 and **C**. MDBK cells.Fig. 1

Evaluation of cytotoxic effect of FeO NPs on Vero, PK 15 and MDBK cells are presented in [Fig. 2](#fig0010){ref-type="fig"}. Similar to ZnO NPs, FeO NPs exhibited cell viability, in concentration and time dependent manner in Vero cells. Decreased cell viability was observed when the concentration and exposure time of the FeO NPs increased. Interestingly in PK 15 cells, improved cell viability was observed when the concentration of FeO NPs increased because of the type of cells and proliferation. Maximum cell viability was observed at 50 μg/100 μl concentration of FeO NPs after 24 h of exposure period. Similar kind of result was also observed by Coricovac et al. [@bib0100]. In their study, they used different concentrations (5, 10, and 25 μg·mL−1) of magnetic iron oxide nanoparticles to stimulate HaCat cells. After 24 h treatment with magnetic iron oxide nanoparticles they observed that there was increase in cell viability as compared to control cells, which indicated that the iron nanoparticles did not affect cells viability (maximum viability was obtained at higher concentration (50 μg mL−1)).Fig. 2Cell viability (%) observation. Each cell line was treated with indicated amount of FeO NPs and measured after 24, 48 and 72 h of exposure period. Data is presented as mean ± SD of three independent experiments. **A**. Vero, **B**. PK 15 and **C**. MDBK cells.Fig. 2

In MDBK cells, enhanced cell viability was observed at 50 μg/100 μl concentration of FeO NPs after 48 h. As in case of ZnO NPs, increased cell viability was observed in MDBK cells after 48 h treatment. There was no significant difference (p \> 0.05) between the concentration and exposure time in FeO NPs treated cells. However, when the exposure time was increased from 24 h to 48 h nanoparticles had a substantial toxic impact on Vero cells. This time dependent result could be standard dose-response behaviour. These results are supported by previous published results that indicated that longer (3 day) exposure generated a greater toxicity to Mouse embryonic stem cells (Royan B1) by MTT assay [@bib0105]. In contrast, MDBK cells exhibited improved cell viability at 48 h after the exposure period. This consequence may due to the type of cell because toxicity of NPs also dependent on cell type.

In Cu NPs, it was observed that the cell viability of Vero, PK 15 and MDBK cells were not statistically significant (p \> 0.05) between the concentrations and exposure time ([Fig. 3](#fig0015){ref-type="fig"}). The MTT results indicated varying results with regard to concentration and exposure time. In Vero cells, maximum cell viability was observed at 40 μg/100 μl concentration of FeO NPs after 24 h of exposure. In PK 15 and MBDK cells maximum cell viability was observed at 20 and 10 μg/100 μl concentrations respectively. These results concurred with the results of Badanavalu et al. [@bib0110]. In their study, when the DRG neurons were exposed to copper nanoparticles, cell viability was reduced significantly in a concentration- and size-dependent manner by the results of MTS (a tetrazolium dye-based) assay. The cytotoxic effect of Cu, ZnO and FeO nanopowders on Vero, PK 15 and MDBK cell line were showed a contradiction. This may due to the MTT reduction process was greatly dependent on activity of metabolic cycles associated with NAD(P)H streams. As a result, cells with low metabolic activity reduce lower amounts of MTT. It must be brought up that under certain culture conditions the changes in metabolic activity can be responsible for the low rate cellular reduction of MTT and not the decrease in cell viability [@bib0115]. It is concluded that, the activity of green synthesized NPs were highly dependent on concentration, exposure time and type of cells.Fig. 3Cell viability (%) observation. Each cell line was treated with indicated amount of Cu NPs and measured after 24, 48 and 72 h of exposure period. Data is presented as the mean ± SD of three independent experiments. **A**. Vero, PK 15 and **C**. MDBK cells.Fig. 3

4. Conclusion {#sec0035}
=============

The green synthesized ZnO, FeO and Cu nanopowders were assessed for their toxicity in Vero, PK 15 and MDBK cell lines. The results of this study indicated a direct relationship between cell toxicity and the exposure time, cell type and concentrations of nanopowders. Particularly concentration and exposure time played the predominant role in the cytotoxicity of cells. The exposure time of nanopowders (ZnO, FeO and Cu) might have increased the production of oxygen free radicals within the cells which causes cell death. The ZnO NPs exhibited superior cell viability at lower concentration (10 μg/100 μl) in all the cell types. It indicated that, the concentration and exposure time had direct effect on cell viability. In FeO NPs treated cells, quite the opposite results were observed. The cell viability was greatly depending on the type of cells. In Vero cells viability was depended on the concentration and exposure time. Whereas in case of PK 15 cells, increased cell viability was observed while increasing the concentration of NPs and exposure time. In MDBK cells there was no significant difference between the concentration and exposure time. The maximum cell viability was observed at 20 μg/100 μl concentration after 48 h post exposure. Cu NPs also exhibited the cell viability based on cell type. For the reason that, in Vero and MDBK cells, there was no direct effect of concentration and exposure time of NPs were observed. While in PK 15 cells, it was observed that the increase in the concentration and exposure time leads to the decrease in the cell viability.
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